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@ A semiconductor memory device and operation- 
al method having reduced well noise are provided. 
The memory device includes a plurality of memory 
cells arranged in rows and columns within an array 
well and addressable by a plurality of word lines and 
bit lines. The array well Is biased to a desired 
potential and a sense amplifier is employed to read 



bit line states during a predefined bit line signal 
development period. Array well biasing is removed 
during at least a portion of this signal development, 
so that the well potential floats (ideally remaining 
stable) as signals are being developed on the bit 
lines. This temporary, floating well technique is par- 
ticularly important for open bit line architectures. 
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BACKGROUND OF INVENTION 

Technical Field 

The present invention relates in general to 
semiconductor memory devices and their opera- 
tion, and more particularly, to a dynamic random 
access memory (DRAM) structure and operational 
method with reduced well noise characteristics, es- 
pecially when configured as an open bit line mem- 
ory array. However, the technique described herein 
is generally applicable to any known memory de- 
vice technology. 

Background Art 

Dynamic-type semiconductor memory devices 
(DRAMs) are well known. A partial block diagram of 
a DRAM structure is shown In FIG. 1 . The structure 
comprises a memory array 10 including a plurality 
of memory cells 12, which function as the memory 
elements, arranged in rows and columns. In this 
embodiment, each memory cell 12 includes a 
PFET 14 having its source "S" coupled to a first 
terminal of a capacitor "C. the second terminal of 
which is connected to ground. Each row of the 
plurality of memory ceil rows is connected to a 
word line, with a plurality of word lines "WL1. 
WL2,..." being provided. The word lines are con- 
nected to each memory cell through the gate "G" 
of the respective PFETs 14. Each column of the 
plurality of memory cell columns is interconnected 
by one of a plurality of bit lines "BL1, BL2, BL3...," 
with each bit line being connected to each memory 
cell in the column through the drain "D" of the 
respective PFETs 14. The intersections of the word 
lines are connected to a row decoder (not shown) 
and the bit lines are connected to a column de- 
coder (not shown). These word lines and bit lines 
form a matrix definitive of the memory array. 

Upon receipt of an externally applied row ad- 
dress signal and a column address signal, a par- 
ticular memory cell is selected which is at the 
intersection of the word line and the bit line Iden- 
tified by the row decoder and the column decoder, 
respectively. Information is read from or (written 
into) the memory cell through an input/output inter- 
face portion, including a sense amplifier 16 con- 
nected to bit lines "BLI. BL2. BLS,...". More spe- 
cific details on the architecture and operation of 
semiconductor memory array structures in general, 
and DRAMS in particular, can be ascertained from 
the open literature. 

Examples of two DRAMs which are widely un- 
derstood are separately depicted in FIG. 2 and FIG. 
3. FIG. 2 shows an open bit line DRAM configura- 
tion, generally denoted 20, in which corresponding 
halves of paired bit lines "BL1. BL1', BL2. BL2'. 



BL3, BL3\.. BLY. BLY"* extend in opposite direc- 
tions from a sense amplifier 26 formed of a plural- 
ity of flip-flops, one flip-flop 28 of which is shown 
by way of example as receiving signals from bit 
5 tine BL3 and paired bit line "BL3'." Each word line 
WL1 , WL2. etc. intersects only one-half, of the bit 
line pairs. For example, word line WL1 intersects 
bit lines "BL1. BL2. BL3,...BLY.'* Input/output lines 
(data bus lines) also Intersect each bit line pair and 

10 are connected to respective halves through appro- 
priate switches (not shown) controlled by a column 
decoder. Further, a reference word line signal "WL- 
(REF), WL(REF)'" is shown to intersect each set of 
bit lines extending from one side of amplifier 26. 

16 Each memory array, generally denoted 22 & 

24. Is conventionally disposed within an array well, 
23 & 25, respectively, to reduce the effects of 
substrate generated noise on bit line signals to be 
sensed. Typically, each array well 23 & 25 is 

20 maintained at a predefined potential by a well po- 
tential generator (not shown) which. In an attempt 
to insure potential uniformity throughout the well, is 
commonly coupled to the well at a plurality of 
locations. Open bit line memory structures are po- 

25 tentially important because they comprise the den- 
sest possible memory array configuration, since a 
memory cell can be disposed at each X, Y inter- 
section. However, an open bit line architecture is 
inherently Im balanced and sensitive to Induced 

30 noises. One significant component of this noise 
problem arises from the unequalized effects of 
substrate noise on bit line pairs In adjacent but 
separate array wells. Because associated memory 
arrays are disposed in separate memory wells. 

35 potential variations in one well capacitlvely couple 
to only one half of a bit line pairing. Due to this 
inherent imbalance, open bit line architectures have 
not heretofore been commonly used In commer- 
cially manufactured memory devices. 

40 One popular alternative to an open bit line 

structure Is depicted in FIG. 3. This figure shows a 
folded bit line DRAM configuration, generally de- 
noted 30, In which the different halves of each bit 
line pair "BL1. BLV, BL2. BL2', BL3. BL3*.... BLY. 

45 BLY*" extend in the same direction from a sense 
amplifier 32. The configuration is advantageous in 
that a single array is defined on one side of the 
sense amplifier 32 so that the entire array can 
reside within a single array well. Thus, more uni- 

60 form accounting for common mode noise Is possi- 
ble. A folded bit line configuration is commonly 
used in DRAMs of, for example, 256 Kbits or 1 
Mblts. However, folded bit line architectures are 
inherently limited in the degree of integration ob- 

55 tainable within a defined area. Since a folded mem- 
ory array does not allow the disposition of a mem- 
ory cell at each bit line, word line intersection, the 
configuration Is less dense than an open bit line 
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memory structure. 

With continuing advancement towards higher 
and higher integration, the open bit line configura- 
tion is drawing significant attention throughout the 
semiconductor memory industry, especially in rela- 5 
tion to 16 Mbit. 64 Mbit, and beyond, memories. 
Thus, a genuine need exists In the semiconductor 
memory art for a more dense memory array ar- 
chitecture than a folded bit line structure, which has 
performance characteristics similar to those obtain- w 
able with a conventional folded bit line memory 
device. 
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The invention as claimed is intended to rem- 
edy these drawbacks. 

Briefly summarized, an operational method for 
a semiconductor memory device having a plurality 
of memory cells arranged in rows and columns 20 
within an array well is provided. The memory de- 
vice includes a plurality of periodically spaced bit 
lines and a plurality of periodically spaced word 
lines for performing column and row selection of 
memory cells, respectively. The operational meth- 25 
od includes the steps of: biasing the array well to a 
desired potential; performing row selection of the 
plurality of memory cells by selecting a word line 
from the plurality of periodically spaced word lines; 
allowing signals to develop on the plurality of bit 30 
lines while at least partially contemporaneously re- 
moving the biasing well potential and allowing the 
array well potential to float; and sensing the bit line 
signals subsequent bit line signal development. 
Further specific details of the operational method 35 
are also described and claimed herein. 

In another aspect, a biasing method for a semi- 
conductor memory array having a plurality of mem- 
ory cells disposed within an array well Is provided. 
The array includes a plurality of bit lines for sens- 40 
Ing the state of selected memory cells. The meth- 
od comprises a technique for biasing the array well 
so as to minimize noise on the bit lines during bit 
line signal development, and includes the steps of: 
biasing said array well to a desired potential; and at 45 
least partially contemporaneously with bit line sig- 
nal development, discontinuing array well biasing 
and allowing the array well potential to float as bit 
line signals develop. 

In still another aspect, the present invention so 
comprises a semiconductor memory device having 
a plurality of memory cells arranged in rows and 
columns within an array well. A plurality of periodi- 
cally spaced, vertically extending bit lines are 
coupled to the memory cells for performing column 55 
selection thereon and a plurality of periodically 
spaced horizontally extending word tines are pro- 
vided for performing row selection of memory cells. 



Biasing means Is connected to the well for biasing 
the well to a desired potential. A sense amplifier is 
connected to at least some of the plurality of bit 
lines for sensing the states of corresponding ones 
of the plurality of memory cells during a predefined 
bit line signal development period. Pursuant to the 
invention, disconnecting means Is employed to iso- 
late the well biasing means from application to the 
array well during at least a portion of the bit line 
signal development period so that the well potential 
floats (and thereby remains substantially fixed). 

To summarize, a novel semiconductor memory 
device and operational method having reduced well 
noise are provided. Common mode noise reduction 
is accomplished by floating the array well potential 
during bit line signal development so that the well 
potential remains substantially fixed, thereby not 
interfering with signal development. The technique 
can be readily Incorporated into most any memory 
array design/technology, but especially impressive 
noise reduction benefits are experienced when 
used In combination with DRAM structures, particu- 
larly DRAM structures having an open bit line con- 
figuration. 

Brief Description of Drawings 

These and other objects, advantages and fea- 
tures of the present invention will be more readily 
understood from the following detailed description 
of certain preferred embodiments thereof, when 
considered in conjunction with the accompanying 
drawings in which: 

FIG. 1 is a partial schematic of a conven- 
tional DRAM structure; 
FIG. 2 is a partial schematic of an open bit 

line memory array architecture; 
FIG. 3 is a partial schematic of a folded bit 

line memory array architecture; 
FIG. 4 is a flowchart of a conventional mem- 
ory array processing embodiment; 
FIG. 5 is an exemplary timing diagram for 
conventional memory array process- 
ing and for memory array processing 
pursuant to the present invention; 
FIG. 6 Is a flowchart of a memory array pro- 
cessing embodiment pursuant to the 
present Invention; 
FIG. 7 is a partial schematic of one embodi- 
ment of a semiconductor memory de- 
vice pursuant to the present invention; 
and 

FIG. 8 is graphical comparison of differential 
signal loss versus memory array well 
resistance for a conventional memory 
array process and for a memory array 
process pursuant to the present in- 
vention using a floating well potential 
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during bit line signal development. 

Preferred embodiments for Carrying Out the Inven- 
tion 

As noted above, the Inventive technique em- 
ployed by the novel semiconductor memory device 
and operational method disclosed herein is to float 
the array potential well during bit line sensing, 
thereby allowing the well potential to remain sub- 
stantially stable and significantly alleviating com- 
mon mode signal loss, particularly in open bit line 
architectures. By way of comparison, one simplified 
embodiment of a conventional DRAM read opera- 
tion is set forth in FIQ. 4. Traditionally, an array 
well is connected directly to a well generator, 40 
"Array Well Biased to Desired Potential." This well 
biasing potential remains continuously applied 
throughout a read cycle operation in order to mini- 
mize capacitive coupling noise on the bit lines by 
eliminating voltage variations throughout the array 
well. 

The rising edge of a row address strobe (RAS) 
(see FIG. 5) is assumed to initiate a sensing cycle, 
42 "RAS Rises" (FIG. 4). (Further, the example 
discussed herein is assumed to corhprise a DRAM 
cell with an NMOS access transistor in a P-type 
array well.) Thereafter, the bit lines are precharged 
to a predefined value, for example, one half VDD, 
44 "Precharge Bit Lines to 1/2 VDD." This opera- 
tion is depicted In FIG. 5 wherein most of the bit 
lines are assumed to contain a VDD voltage signal, 
while an arbitrary bit line "BL1 " is shown to contain 
a ground potential. Thereafter, the row address 
strobe (RAS) falls, 46 "RAS Falls" and, subsequent 
a predetermined time interval. 48 "Delay 1," the bit 
line precharging device is disconnected, 50 
"Precharge Device Turned Off" to allow the bit 
lines to float. This switching off results in a slight 
drop in bit line potential, which Is shown in FIQ. 5. 

The next important occurrences In the sensing 
cycle are row decoding and the provision of a 
rising signal on a selected word line. 54 "Row 
Decoding; Selected Word Line Rises," which typi- 
cally occur after a predefined time interval. 52 
"Delay 2," subsequent removal of the precharge 
device signal. The selected word tine rises to a 
voltage greater than or equal to VDD plus the 
threshold voltage of the NMOS device controlling 
tum-on of the line. As shown In FIQ. 5. rising of a 
selected word line Initiates a time Interval or period 
referred to herein as the "bit line signal develop- 
ment period." 56 "Signals Develop on the Bit 
Lines." 

Once signals are sufficiently developed, the 
sense amplifier reads signals on paired bit lines 
(e.g.. BL1" and "BLV" for "WL1" and "WL(Ref)*" 
in FIG. 2) and amplifies any sensed difference by 



setting to a high logic level or a low logic level an 
output signal from one of the multiple flip-flops. 58 
"Sense Amplifier Reads the Signals on the Bit 
Lines and Amplifies Difference by Setting." Setting 
5 of the amplifier terminates the "bit line signal de- 
velopment period" (FIG. 5). After the sense am- 
plifier has been set, the read operation is complete 
and the memory array controller returns (via loop 
59) to repeat the process. i.e., await a next rise in 

10 the RAS signal. 

As shown in FIG. 5. during conventional opera- 
tion of a memory array, well voltage (for example, 
minus 1 volts) will experience a number of changes 
at different stages of a sensing cycle due to differ- 

75 ing signals appearing on the word lines and/or bit 
lines. Important to the present invention, however. 
Is the recognition that the well voltage continues to 
attempt recovery throughout bit line signal develop- 
ment, i.e., gradually progress towards a desired 

20 minus 1 volt potential. A changing well voltage 
capacitlvely couples as noise to the signals being 
developed on the bit lines during signal develop- 
ment. Thus, increasing well voltage Is superim- 
posed on the bit line signal value for both a high 

25 signal state and a low signal state. It should be 
understood from FIG. 5. therefore, that for low 
signal development the Increasing well voltage wilt 
operate counter to the signal. This capacitlvely 
coupled inaccuracy can result in incorrect latching 

30 of one or more sense amplifier flip-flops. 

One preferred operational embodiment of a 
memory array pursuant to the present invention is 
set forth In FIG. 6. In this embodiment, array well 
potential Is initially set. 60 "Array Well Biased to 

35 Desired Potential," after which a rising row address 
strobe (RAS) signal is received, 62 "RAS Rises." 
Continuing, bit lines are preferably equalized, e.g.. 
to approximately one half VDD, 64 "Precharge Bit 
Lines to 1/2 VDD," the row address strobe falls, 66 

40 "RAS Falls" and after a predetermined delay, 68 
"Delay 1," the precharge device is removed from 
the bit lines, 70 "Precharge Device Turned Off." 

After a further predetermined delay interval, 72 
"Delay 2." row decoding is complete and the sig- 

46 nal on a selected word line rises. 74 "Row Decod- 
ing: Selected Word Line Rises." Commensurate 
with the selected word line rising, the array well 
biasing potential Is removed and the well potential 
is allowed to float. 76 "Array Well Biasing Potential 

50 Removed: Well Potential Floats." Floating of the 
well potential is at least partially simultaneous with 
signal development on the bit lines, 78 "Signals 
Develop On the Bit Lines," However, array well 
potential is preferably floated for the entire bit line 

55 signal development period in order to minimize 
capacitive coupling effects. Once sufficiently devel- 
oped, the sense amplifier reads the signals on the 
bit lines and amplifies the respective difference 
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signals by latching to either a high level or a low 
level, 80 "Sense Amplifier Reads the Signals on 
the Bit Lines and Amplifies Difference by Setting." 
After sense amplifier setting, the memory cells are 
reset and array processing loops back (via 82) to 
resume array well biasing at the desired potential. 

FIG. 7 depicts one layout embodiment of a 
memory device pursuant to the present invention. 
A memory array well 90 contains multiple contacts 
92, each of which is coupled to a well potential 
generator 94. A switching mechanism, generally 
denoted 96, is disposed between contacts 92 and 
generator 94. Mechanism 96 includes multiple 
NMOS switching transistors, each of which has its 
source "S" connected to generator 94. drain "D" to 
contact 92. and gate "G" to a control signal gener- 
ator 100. 

Transistors 98 are gated by a high/low signal 
from control signal generator 100, which employs 
available timing and control signals 102. For exam- 
ple, in conventional memory arrays, rising of the 
word line select and setting of a sense amplifier 
are both readily available timing events which can 
be used to gate the isolating devices. Thus, array 
well 90 potential can be readily floated during bit 
line signal development in a read cycle by pulling 
down the gate signal to transistors 98. preferably 
from a time just before floating of the bit lines. The 
access device is turned on and a differential bit line 
signal develops. Once the sense amps latch, the 
area array well is reconnected to the well generator 
to limit noise effects. 

FIG. 8 provides a comparison of differential 
signal loss versus well resistance for a semicon- 
ductor memory device operated pursuant to the 
conventional (constant well bias) technique and a 
semiconductor memory device operated with a pe- 
riodically floating well pursuant to the present in- 
vention. Floating of the well provides less coupling 
to the bit lines, and thus improves bit line signal 
development. FIG. 8 clearly shows less sensitivity 
of the bit line signal to well resistance. Further, 
there is much less difference between read high 
level sensitivity and read low leveJ sensitivity. Im- 
provement in signal development is consistent 
across the entire range of well resistances. Com- 
pared to the conventional method, where the well is 
directly and continuously connected to the well 
generator, the selectively floated well reduces dif- 
ferential signal loss by more than a factor of two 
over a wide range of well resistances. 

From the above description it will be recog- 
nized that a novel semiconductor memory device 
and operational method having reduced well noise 
are set forth. Common mode noise reduction is 
accomplished by floating the array well potential 
during bit line signal development so that the well 
potential remains substantially stable. The tech- 



nique can be readily incorporated into any memory 
array design or technology, but the most significant 
noise reduction benefits are attained in combination 
with DRAM structures, particularly open bit line 
5 DRAM architectures. 

Claims 

1. In a semiconductor memory array having a 
10 plurality of memory cells arranged in rows and 

columns within an array well, and Including a 
plurality of periodically spaced bit lines for 
performing column selection of memory cells 
and a plurality of periodically spaced word 
15 lines for performing row selection of memory 

cells, a memory array sensing method com- 
prising the steps of: 

(a) biasing said array well to a desired po- 
tential; 

20 (b) performing row selection of said plurality 

of memory cells by selecting a word line 
from said plurality of periodically spaced 
word lines; 

(c) allowing signals to develop on said plu- 
25 rality of bit lines; 

(d) at least partially contemporaneous with 
said step (c), removing said well potential 
biasing of step (a) and allowing said array 
well potential to float; and 

30 (e) sensing at least one bit line signal on 

said plurality of bit lines subsequent said bit 
line signal development of said step (c). 

2. The memory array sensing method of claim 1 , 
35 further comprising the step of periodically re- 
peating said steps (a)-(e). 

3. The memory array sensing method of claim 1 , 
further comprising the step of setting one of a 

40 high level signal and a low level signal based 

upon said bit line signal sensed in said step 
(e). 

4. The memory array sensing method of any one 
45 of the preceding claims. 

wherein said step (d) occurs simultaneously 
with said step (c) such that said array well 
potential floats during ail of said bit line signal 
development of said step (c). 

50 

5. The memory array sensing method of any one 
of the preceding claims, further comprising the 
steps of applying an equalizing potential to 
said plurality of memory cells prior to said row 

55 selection step (b). and removing said equaliz- 

ing potential from said plurality of memory 
cells subsequent said row selection step (b) 
such that said plurality of bit lines float. 
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6. The memory array sensing method of any one 
of the preceding claims, wherein said semicon- 
ductor memory array comprises a DRAM 
structure, said memory array sensing method 
reading the states of selected memory cells. 

7, The memory array sensing method of claim 6, 
wherein said DRAM structure is architected as 
an open bit tine DRAM structure. 

& The memory array sensing method of claim 7. 
wherein bit tines are paired and said sensing 
step (e) includes comparing bit line signals on 
each half of a bit line pair and amplifying any 
signal difference from said comparison by set- 
ting one of a high level signal and a low level 
signal based thereon. 

9- The memory array sensing method of claim 5. 
wherein said DRAM structure is architected as 
a folded bit line DRAM structure. 

10. In a semiconductor memory array having a 
plurality of memory cells disposed within an 
array well, and including a plurality of spaced 
bit lines for sensing the state of selected mem* 
ory cells during a predefined bit line signal 
development period, a method for biasing said 
array well so as to minimize noise on said bit 
lines, said method comprising the steps of: 

(a) biasing said array well to a desired po- 
tential; and 

(b) at least partially contemporaneously with 
said bit line signal development period, dis- 
continuing said array well biasing of step (a) 
and allowing said array well potential to 
float. 

11. The noise minimization method of claim 10, 
further comprising the step of resuming bias- 
ing of said array well to said desired potential 
subsequent said bit line signal development 
period. 

12. The noise minimization method of claim 10, 
wherein said step (b) comprises discontinuing 
said array well biasing of step (a) for the entire 
bit line signal development period. 

13. A semiconductor memory device comprising: a 
plurality of memory cells arranged in rows and 
columns within an array well; 

a plurality of periodically spaced, vertically- 
extending bit lines for performing column se- 
lection of said plurality of memory cells; 
a plurality of periodically spaced, horizontally- 
extending word lines for performing row selec- 
tion of said plurality of memory cells; 



biasing means connected to said well for bias- 
ing said well to a desired potential; 
a sense amplifier connected to at least some 
of said plurality of bit lines for sensing the 
5 States of corresponding ones of said plurality 

of memory cells during a bit line signal devel- 
opment period; and 

means for disconnecting said well biasing 
means from said array well during at least a 
10 portion of said bit line signal development so 

that said well potential floats during said pe- 
riod. 

14. The semiconductor memory device of claim 
16 13, wherein said disconnecting means com- 

prises a switching mechanism connected be- 
tween said well biasing means and said array 
well. 

20 15. The semiconductor memory device of claim 

14, wherein said well biasing means comprises 
a well potential generator and said switching 
mechanism includes at least one transistor 
connected between said well potential gener- 

25 ator and said array well. 

16. The semiconductor memory device of claim 

15, further comprising multiple contacts to said 
array well, said well potential generator being 

30 coupled to each of said multiple well contacts, 

and wherein said switching mechanism in- 
cludes multiple transistors, each transistor be- 
ing connected between said well potential gen- 
erator and one of said multiple well contacts. 

35 

17. The semiconductor memory device of claim 

16, wherein said multiple transistors comprise 
multiple MOSFETs. 

40 18. The semiconductor memory device of claim 
16, further comprising means for selectively 
gating said transistors inactive during at least a 
portion of said bit line signal development pe- 
riod. 

45 

19. The semiconductor memory device of any one 
of the preceding claims 13 to 18, 

wherein said device comprises a DRAM struc- 
ture. 

50 

20. The semiconductor memory device of claim 

1 9, wherein said DRAM structure is architected 
as an open bit line DRAM structure. 

65 21. The semiconductor memory device of claim 

20, wherein said DRAM structure is architec- 
tured as a folded bit line DRAM structure. 
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@ Semiconductor memory device and operational method with reduced well noise. 



® A semiconductor memory device and operation- 
al method having reduced well noise are provided. 
The memory device includes a plurality of memory 
cells arranged in rows and columns within an array 
well and addressable by a plurality of word lines and 
bit lines. The array well is biased to a desired 
potential and a sense amplifier is employed to read 



bit line states during a predefined bit line signal 
development period. Array well biasing is removed 
during at least a portion of this signal development, 
so that the well potential floats (ideally remaining 
stable) as signals are being developed on the bit 
lines. This temporary, floating well technique is par- 
ticularly important for open bit line architectures. 
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